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TOM TAT

Tén dé tai: Thiét ké va mo phong bom ly tim cong nghiép

Sinh vién thyuc hién: Bang Ngoc Khéde

S6 thé SV: 103210166 Lop: 21C4CLC2

Db 4n tot nghiép tap trung nghién ciru, thiét ké va mo phong bom ly tAm cong nghiép
st dung trong hé thong phong chay chita chdy. Bom ly tdm 1a thiét bj quan trong trong
viéc dam bao cung cap nudc ap luc cao, dn dinh va lién tuc cho cac dau phun chira chay
trong cac tda nha, nha may va khu cong nghiép. Pd an hudng dén viéc danh gia hiéu
suat 1am viéc va toi wu hoa thiét ké bom nham dép mg cac yéu cau k¥ thuat nghiém
ngit ctia hé thong chita chdy.

Trong qua trinh thyc hién, bom dugc thiét ké dua trén céac thong sb6 dau vao nhu luu
lugng dinh mire, cot ap yéu cau, tbe do quay va dic diém chét 1ong. M6 hinh 3D cia
bom duoc xay dung bang phan mém thiét ké CAD, sau d6 tién hanh mé phong dong
chay bén trong bom bang phan mém ANSYS Fluent véi phwong phip CFD
(Computational Fluid Dynamics). Muc tiéu mé phong 1a dé phan tich phan bd van téc,
ap suét, hién tuong ton that nang lugng.

Két qua thu dugc cho théy bom dat dugc hiéu suit 1am viéc 6n dinh trong pham vi diéu
kién thiét ké, phii hop véi yéu cau cua hé thong chita chdy cong nghiép. Ngoai ra, d6 an
cling dé& xuat mot s6 hudng cai tién thiét ké nham nang cao hiéu qua lam viéc va tudi
tho ctia bom trong diéu kién van hanh thuc té.
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1. Tén dé tai do an:
Thiét ké va mé6 phong bom ly tim cong nghiép
2. Dé tai thude dién: O C6 ky két théa thudn sé hitu tri tué doi voi két qua thyc hién

3. Cac s0 liéu va dir liéu ban dau:

bon vi

Q | m3/h | 600

H m 87

4. Ngi dung cdc phan thuyét minh va tinh todn:
-Toéng quan vé bom ly tim

-Tinh toan va thiét ké banh cong tac

-Tinh toan va thiét ké budng xoan

-M6 phong banh cong tac
-Mé phong bom ly tdm
5. Cdc ban vé, do thi ( ghi ré cdc logi va kich thwéc bdan vé ):
- Ban v& chi tiét banh cong tac - Ban v& tong thé bom ly tim
- Ban v& chi tiét budng xoan - Ban v€ mo hinh ludi banh cong tac

- Béan v€ mo hinh luéi bom ly tam - Ban v€ truong van téc banh cong tac
- Ban v€ trudong vén toc bom ly tam - Ban v€ dudng dac tinh bom

6. Ho tén nguoi hieéng dan: PGS.TS Lé Minh Puc
7. Ngay giao nhiém vu dé an:  07/04./2025
8. Ngay hoan thanh dé dn: 06/06/2025
Pa Nang, ngay 6 thang 6 nam 2025
Truéng Bo Mén Co Khi Pong Luc Nguoi huwéng dan
PGS.TS L& Minh buc
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LOI NOI PAU

Trong cudc sdng, cling nhu trong cac nganh cong nghiép ngay nay. May bom 1a mot
thiét bi, mot loai may moc khong thé thiéu va xuat hién ¢ nhiéu bo phan. Tir cac hé
thdng cap nudc sinh hoat hang ngay cho dén cac h¢ thong thity loi, cap thoat nudc cho
cac thanh phd, cac hé thong tu dong vé khi nén hay thaty lyc hién nay di duogc sir dung
rong rii trong cong nghiép thi may bom 1a mot phan quan trong, khong thé thiéu c6 thé
coi la trai tim cua cac hé théng nay. Hién nay may bom c6 rat nhiéu loai, tuy thudc vao
thue t& ma mdi vi tri 1am viée lai c6 mot loai may bom hop 1y nhung néi chung may
bom duoc chia 1am hai dong 16n 1a may bom thé tich chuyén duoc sir dung trong cac hé
théng thuy luc hoac khi nén do dic tinh co thé tao ra ap suét cao. Loai tht hai 1a may
bom canh dan, loai nay co6 Iuu lugng 16m va dong niing dong chay cao thich hop chi viéc
van chuyén chat 1ong di cac doan dudng xa va yéu cau co luu luong 16n.

Sinh vién thuc hién

bang Ngoc Khoe
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LOI CAM ON

Trudc tién, em xin bay t6 10ng biét on chan thanh va sau sic dén Ban Giam hiéu Trudng
Dai hoc Bach Khoa — Pai hoc Pa Néng, cing quy thay c6 khoa Co Khi Giao Théng da
tan tinh giang day, truyén dat cho em nhiing kién thirc quy bau trong subt qua trinh hoc
tap tai truong.

Em dic biét giri 10 tri 4n sdu sic dén giang vién huéng din — Thiay PGS.TS Lé Minh
Pirc, nguoi da ludn tan tinh huéng dan, ho trg, gop v va tao diéu kién thuan loi dé em
hoan thanh t6t d6 an tot nghi¢p nay.

Du di nd lyc hét minh, song do thoi gian va kién thirc con han ché, chic chan d6 an
khong thé tranh khoi nhitng thi€u s6t. Em kinh mong nhan dugc sy gop y cia quy thay
c0 dé do an dugc hoan thién hon.

Em xin chan thanh cam on!

Da Néng, ngay 6 thang 6 nim 2025

Sinh vién thuc hién

Dang Ngoc Khoe
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CAM DOAN

T6i xin cam doan rang toan bo ndi dung trong do an tot nghiép voi dé tai: Thiét ké va
md phéng bom ly tim céng nghiép 13 két qua ctia qua trinh nghién ctru va thyc hién
clia ca nhan t6i dudi sy huéng dan ctia Thay PGS.TS Lé Minh Dirc.

Céc s6 liéu, két qua trong d6 4n 1 trung thuc va chua tirng duoc ai cong bb trong bat
ky cong trinh nao khac. Néu phat hién c6 su sao chép hodc gian 1an, t6i xin hoan toan
chiu trach nhiém va chap nhan moi hinh thirc xtr Iy theo quy dinh ctia Nha truong.

To1 xin chan thanh cam on!

Sinh vién thuc hién
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DANH SACH CAC KY HIEU, CHU VIET TAT

KY HIEU:

Ky hiéu Y nghia (Tiéng Viét) Pon vi
Q Luu luong m?/h, I/s, m3/s
H Cot ap m
P Ap suit Pa, bar
N Cong suat truc kW
n Téc do quay vong/phut (RPM)
n Hiéu suat bom %

p Khéi luong riéng kg/m?
g Gia tdc trong trudong m/s?
D DPuong kinh banh cong tac mm
d Puong kinh truc mm
b Chiéu rong banh cong tac mm
Z S6 canh bom -
o Goc vao cua dong chay do
B Goc ra ctia dong chay do
H Cot ap hut m
Hy Cot ap day m
Hf Cot 4p ton that m
hg Chiéu cao hut tinh m
h, Chiéu cao day tinh m

1X




CHU VIET TAT:

Chir viét tit Y nghia (Tiéng Viét) Giai thich hodc don vi
NPSH Chiéu cao hut rong m
NPSH_available Chiéu cao hat rong kha m
dung
NPSH_required Chiéu cao }}ﬁt rong yéu m
cau
BEP Diém hiéu suit tdi uu -
BHP Cong suat phanh kW
TDH Tong cot ap dong m
SST Thép khong gi -
CS Thép carbon -
Max. Temp Nhiét d6 t6i da °C
Min. Flow Luu luong t6i thiéu m*h




Thiét ké va mo phong bom ly tam trong cong nghiép

MO DAU

LOI MO DAU
Trong bbi canh khoa hoc k¥ thudt ngdy cang phat trién, nganh co khi giit vai tro then
chét trong viéc thiic ddy qua trinh cong nghiép hoa, hién dai hoa dit nudc. Pic biét, linh
vue, hé théng bom cong nghiép ngay cang duoc quan tim va tng dung rong rii trong
thuc tién san xuat va doi song.

Db 4n tét nghiép 12 mot phan quan trong trong chuong trinh dao tao k¥ su, giup sinh
vién hé thong héa lai nhiing kién thirc da hoc, dong thoi rén luyén kha ning tu nghién
ctru, tu duy doc 1ap va van dung kién thirc vao giai quyét cac van dé thuc tién.

Xuét phat tir nhu cau thuc té va su dinh hudng chuyén mén, em da chon dé tai: Thiét ké
va mo phong bom ly tim cong nghiép lam nodi dung nghién ciru cho d6 an tot nghiép
ctia minh. Trong qué trinh thyc hién, em d3 ¢ ging van dung nhing kién thirc di hoc
dé phan tich, thiét ké va hoan thién dé tai.

Tuy da c6 nhiéu cb gang, nhung do han ché vé thoi gian va kinh nghiém thyc tién, d6
an khong tranh khoi nhitng thiéu sot. Em kinh mong nhén dwogc su gop ¥, chi dan cua
quy thay c6 dé dé tai dugc hoan thién hon.

Em xin chin thanh cam on quy thay c6 trong khoa Co Khi Giao Thong , dic biét 1a thay
PGS.TS Lé Minh Pirc da tan tinh hudng dan em trong sudt qua trinh thyc hién d6 an
nay.

Sinh vién thuc hién: Pang Ngoc Khoe Huéng dan: PGS. TS. LE MINH PUC 1



Thiét ké va mé phong bom ly tam trong cong nghiép

Chuong 1: TONG QUAN

Tong quan va phan loai may canh dan

1.1. Ly do chon d@ tai

Bom ly tAm la thiét bi rat phd bién trong cong nghiép va doi séng. Viéc thiét ké va tbi
vu hoa hiéu suit bom ludn 13 vin dé& duoc quan tAm. Véi su phét trién ciia cong nghé
mo phong s, dic biét 1a CFD, viéc md phong dong chay trong bom giup ta hiéu rd hon
cac hién tuong thity luc, tir 6 cai thién thiét ké bom. Vi vay, em chon dé tai nay dé
nghién ctru.

1.2. Muc tiéu dé tai

- M6 hinh héa va mé phong bom ly tdm bang phan mém CFD (ANSYS Fluent).

- Phan tich dic tinh dong chay, ton that va hiéu suat ciia bom.
- Péanh gia va dua ra kién nghi cai tién thiét ké bom.

1.3. Pham vi va phwong phap nghién ciru
Pham vi st dung cac loai bom

H.m
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Y
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/ ; -— e 1~ X
10 -
" |Bom hudéng truc 4

0 10 100 1000 10.000 100.000 Q,m3/h

Hinh 1.1 Pham vi su dung cac loai bom

Nhin vao biéu d6 & hinh 1 ta thdy cac loai bom canh dan thi bom ly tim c6 pham vi sir
dung rong nhat véi: Q = 1+-100000 m3/h, H = 13500 m cdt nudc.

Bom hudng truc c6 pham vi st dung hep hon, n6 thuong dugc dung vai luu luong 16n
va ap suét nho: Q= 100+100000 m3/h, H= 1+20 m c6t nudc.

Sinh vién thyc hién: Pang Ngoc Khoe Huéng dan: PGS. TS. LE MINH PUC 2



Thiét ké va mé phong bom ly tam trong cong nghiép

Pham vi: Bom ly tim don gian, xét dong chay 6n dinh, khong xét tinh chat phi tuyén,
cavitation,...

Phuong phap: Dya trén mé hinh Navier-Stokes, stt dung phan mém mé phong CFD dé
khao sat.

Bom ly tim 1a loai bom thuy lyc dn dong bang canh quay. Nguyén Iy hoat dong dua
trén viéc truyén ning luong cho dong chit 16ng nho vao luc ly tAm phét sinh khi canh
bom quay. Chét 16ng dugc hut vao tim quay cta banh cong tac va dugc ddy ra ngoai
nhd chuyén dong quay.

1.4. Gi6i thiéu vé mé phéng CFD

CFD (Computational Fluid Dynamics) 1a phwong phép st dung cac thuat toan sb va giai
tich dé phén tich va giai cac bai toan lién quan dén dong chay chat 16ng va khi. Cac phan
mém CFD thudng giai hé phuong trinh Navier-Stokes dé xac dinh cac dai luong van
toc, ap suat, nhiét do,... trong mién dong chay.

1.5. Dinh nghia

Bom ly tim 1a loai bom thuy luc ddn dong bang canh quay. Nguyén Iy hoat dong dua
trén viéc truyén ning luong cho dong chit 1ong nho vao luc ly tim phét sinh khi canh
bom quay. Chét 16ng dugc hut vao tdm quay cia banh cong tac va dugc day ra ngoai
nhd chuyén dong quay.

Bom, quat 13 loai may dung dé van chuyén va cung cap ning luong cho dong chat long.

Bom, quat 1am nhiém vy bién ddi co ning cia dong co thanh thé ning, dong ning va
nhiét ndng ctia dong chat long.

Bom dung dé van chuyén chit 1ong ¢ thé 1ong con quat van chuyén chat 1ong o thé khi.
C4 hai loai bom va quat déu thude may thuy lyc. B 1a loai may lam viéc dua trén co so
trao d6i ning luong v6i dong chat 1ong chuyén dong qua may theo cic nguyén li cua
thuy luc hoc va co hoc chét long.

-Dua theo nguyén 1i tdc dung nguoi ta chia may thay lyc thanh hai loai:

+ Bom quat canh dan thyc hién trao d6i niang luong v4i dong chat 1ong chuyén dong
qua may nho tac dung luc twong hd giita hé théng canh dan voi dong chat 1ong. Trong
d6 nang luong ma may canh dan truyén cho dong chat 1ong chu yéu dudi dang dong
ning. Dong chat 10ng chuyén dong qua banh cong tac cta loai may nay 1a dong lién tuc,
van toc va ap suat khong thay doi dot ngdt. Trong ché do lam viéc on dinh thi luu lugng,
ap suat cia may 1a hang sd.

+ Bom, quat thé tich thuc hién trao d6i ning luong véi dong chat 16ng chuyén dong qua
may theo nguyén li chén ép chat 10ng trong mot thé tich kin dudi 4p suét thuy tinh. Ning
luong ciia dong chat 16ng trao doi véi may cha yéu 1a thanh phan ap ning, con thanh
phan dong ning khong dang ké. Dong chat 1ong chuyén dong qua may 1a dong khong
lién tuc, luu lugng va ap sudt thay doi theo thoi gian. Mirc d6 khong déu cua luu luong
va ap suit phu thudc vao két ciu ctia may.

Sinh vién thyc hién: Piang Ngoc Khoe Hudng dan: PGS. TS. LE MINH DUC 3



Thiét ké va mé phong bom ly tam trong cong nghiép

1.6 Phan loai

Bom, quat duoc phan thanh hai loai chi yéu

- Bom, quat canh dan thyc hién trao d6i niang luong véi dong chat 16ng chuyén dong
qua may nho tdc dung lyc tuong ho gitra hé¢ thong canh dan véi dong chat 1ong.

Ning luong ctia dong chat 16ng trao d6i véi may gdm hai thanh phan dong nang
(v?/2g) va 4p ning (p/Y). Hai thanh phan nay c6 lién quang mat thiét voi nhau. Trong
qua trinh 1am viéc ctia may, sy bién d6i dong ning bao gid ciing kém theo sy bién do6i
ap nang va nguoc lai.

Bom,quat canh dan bao gém cac loai bom, quat ly tam, hudng truc, hudng chéo va
bom xody. Bo phan lam vi¢c chinh ctia bom, quat 1a banh cong tdc. Banh cong tac cé
chuyén dong quay nén con goi 1a roto. Banh cong tac gom co céac 14 gan giira hai dia
ctia banh cong tac hodc gan 1én bau canh.

Dong chat 16ng chuyén dong qua banh cong tac 1a dong lién tuc, van toc va ap
suat cua dong chat long khong thay do1 dot ngot. Trong ché do 1am viéc 6n dinh
thi luu luong, ap suat cua may la hang s6 ( khong thay doi theo thoi gian ).

- Bom, quat thé tich thuc hién trao doi nang luong véi dong chat 1ong chuyen dong
qua may theo nguyén ly chen ép chét long trong mot thé tich kin dudi ap suét thuy
tinh. Nang luong cta dong chat 16ng trao d6i voi may chi yéu 1a thanh phan ap ning
(p/Y), con thanh phan dong nang khong dang ké

1.7. Uu diém ciia may canh din

Bom, quat canh dan bao gom cac loai bom, quat ly tim, hudng truc, huéng chéo va bom
xody. Ngiy nay bom, quat canh dan duoc (mg dung rat pho bién trong doi song va san
Xuét.

- Bom, quat canh din duoc str dung pho bién nhu vay vi chiing ¢6 nhiéu vu diém nhur:

+ Co két cau don gidn chac chan, gon nhe, dé ché tao, gia thanh ré, lam viéc c6 dd tin
cdy cao va van hanh thuan tién.

+ C6 pham vi sir dung rong rai, luu lugng va cot ap thay doi trong pham vi 16n.

+ Roto ctia may c6 thé quay voi sd vong quay 16n tir 300 — 3000 vong/ phut. Trong
nhitng treong hop déac bié¢t van toc vong quay cua roto c6 thé dat 7550 vong/phut. Do
vay roto c6 thé ndi tryc ti€p voi1 dong co cd van tdc quay 1on.

+ Dong chat 1ong chuyén dong qua may 1a dong lién tuc nén luu lwong va 4p suét cua
may khi lam vi¢c 1a rat 6n dinh.

+ May it bi nhay cam véi bui ban va cic hat cing vi vay chung cé thé dung dé van
chuyén moi chat 16ng khac nhau ké ca hdn hop nude va chat rin, cac chat 1ong dic, chét
16ng c6 dd nhét va chat 1ong dé bay hoi.
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Thiét ké va mé phong bom ly tam trong cong nghiép
1.8. Mt s6 thong s6 co ban ciia may canh din
*Luw lwong O: La luong chat 16ng hodc khi ma bom, quat van chuyén dugc trong mot
don vi thot gian.
Q = G/y = v.G Trong d6: Q 1a luu lugng (m3/h, m3/s...)
G 1a lvu luong trong luong (kG/s, kG/ph)
y 1a trong lugng riéng cta chat 1ong

v = 1/y 1a thé tich riéng cua cht 1ong

*Cét dp H: 13 ning luong ma bom, quat cung cp cho 1 kG chat 1ong khi van chuyén
qua may.

*Céng sudt va hiéu sudt ciia bom: Cong suit may nhan dugc cua dong co goi la cong
suat ti€u thu hay cong suat trén truc. Con cong suat ma dong chat 1ong nhan dugc khi
van chuyén qua may goi 1a cong suat hiru ich N

N=GH=y.QH

1.9. S6 vong quay dic trung va phin loai may canh din

S6 vong quay dic trung 1a s6 vong quay ciia banh cong tic ciia mot bom miu dong dang
hinh hoc vd1 bom thuc, trong ché do 1am viéc tuong tu hi¢u sudt thuy luc va hiéu sudt
thé tich nhu bom thyc, dong thoi tao ra duoc ¢t ap Hy = 1m c6 cong sudt hitu ich Ny
= Im.1 va van chuyén chit 1ong c6 trong luong riéng ¥y; = 1000kG/m?. Ki hiéu sé vong
quay quy dan ng.

Cong thire cua sé vong quay quy dan:

ng = 3,65n Je

H3/4

« Phan loai may canh dan theo sd vong quay dic trung:

- Banh cong tac bom ly tam ng (v/ph)
C6 sb vong quay ns nho 50-80
C6 s6 vong quay ns trung binh 80— 150
C6 sb vong quay ng 16n 150 — 300

- Banh cong tadc bom hudng chéo 300 - 600

- Banh cong tdc bom hudng truc 600 — 1800

« Phan loai may canh dan theo huéng chuyén dong cta chat long trong BCT:

- Banh cong tac ly tim va huéng tim: chat 1ong chuyén dong qua banh cong tac tir tim
ra ngoai hodc tir ngoai vao tam theo phuong ban kinh.
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Thiét ké va mé phong bom ly tam trong cong nghiép

- Banh cong tic hudng truc: chit 16ng chuyén dong qua banh cong tac theo phuong song
song truc.

- Banh cong tac tAm truc hodc truc tim: chat 16ng chuyén dong qua banh cong tac theo
hudng tam roi chuyén sang hudng truc hodc nguoc lai.

- Banh cong tac huéng chéo: chat 1ong chuyén dong qua banh cong tac khong theo
hudng tam cling khong theo hudng truc ma theo hudng xién (chéo)

1.10 Nguyén li hoat dong va phan loai ciia bom ly tim

Bom ly tAm 14 loai bom dugc st dung thong dung nhat dé van chuyén chat long. Bom
ly tAm c6 hiéu suat twong ddi cao. Cac bom ly tAm ¢ 16n ¢ hiéu suit ( n) dat t6i 78 —
92%. Bom c6 két cdu don gian, chic chén va van hanh thuén tién

>

Stuffing Box
Packing

Shatt

Shaft Sleeve
Vane

Casing

eye of Impeller

Impeller

- T O M m o O W

Casing wear ring
J impeller

K Discharge nozzle

Hinh 1.2 Cdu tao bom ly tim
* Nguyén li hogt dong cua bom ly tam:

Trudc khi than bom lam viéc can phai lam cho than bom trong d6 c6 banh cong tac va
ong hut dugc dién day chat long, thuong dugc goi 1a moi bom.

Khi tryc A quay dan dong banh cong tac J quay s& tao ra chan khong tai 16i vao banh
cong tac G, dudi tac dung cua lyc ly tdm, chat 1ong tir tim banh cong tac chuyén dong
theo cac mang dan giita cac canh E ra phia ngoai chay vao budng xoan F rdi ra ngoai
theo dirng 6ng day K vé6i ap suat cao hon. D6 1a qué trinh ddy cua bom

O 16i vao bom, ap suat ctia dong chét 16ng giam (do giai phong phan khong gian bi né
chiém chd), tao nén do chénh 4p gitra mit thoang cta bé hut va 16i vao bom. Do d6 phan
chét long tir bé hut dang 1én theo dudng dng hut va chay vao bom. D6 1a qua trinh hat
ctia bom. Qua trinh hat va ddy cta bom 1a hai qua trinh lién tuc, tao nén dong chat long
lién tuc chuyén dong qua bom

* Phan loai bom ly tim
Bom ly tim dugc phan thanh nhiéu loai khac nhau theo nhiéu dac diém khac nhu:
*Phdn logi theo sé bdnh céng tdc ldp trén truc:
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Thiét ké va mé phong bom ly tam trong cong nghiép
- Bom ly tim mot cp (c6 mot banh cong tac lap trén truc)
- Bom ly tdm nhiéu cép (c6 nhiéu banh céng tac lap trén cting mét truc)
* Theo s6 dong chdt Iong qua banh cong tdc:
- Bom ly tim m6t miéng hat (mot dong chat 1ong qua banh cong tac)
- Bom ly tdm hai miéng hut (hia dong chat 16ng qua banh cong tic)
* Theo cot ap co:
- Bom ly tam ¢4t ap thép, H =15 —-40m c6t nudc,
- Bom ly tam ¢t &p trung binh, H = 40 — 200 m c6t nudc,
- Bom ly tam cgt 4p cao, H > 200m cgt nudc.
* Theo luu lwong co:
- Bom luu lugng nho,
- Bom ly tam luu lugng trung binh,
- Bom ly tam luu lugng 16n.
* Theo vi tri cua truc bom co:
- Bom tryc ngang,
- Bom truc dung.
* Theo két cau vé bom c6:
- Bom ly tam hai nép,
- Bom nhiéu tang (vé bom gém nhiéu phan doan ghép lai véi nhau).
* Theo phwong phdp néi truc bom véi truc déng co:
- Bom ly tdm ndi truc tiép,
- Bom ly tam nbi gian tiép.

1.11. Ung dung cia bom Iy tim

Do dic diém tao ra cot ap tuong ddi cao nén bom ly tdam dugc sur dung rat rong rai trong

doi song hién dai

Trong cong nghiép, bom ly tdm dugc dung dé cap nudc cho cac nhu cau k¥ thuat cua
nha may nhu cap nudc cho ndi hoi trong cdc nha may nhiét dién, cap nudc cho cac h¢

thong lam mat va cho nhu cau v¢ sinh cong nghiép.

Bom ly tim con duoc dung trong cong nghiép khai thac mé va xay dung dé hat nudc tir
nhirng giéng sau, hat cdc hon hgp nudce véi dat va van chuyén cho cac hon hop nude voi

chat ran nghién nho.

Sinh vién thyc hién: Piang Ngoc Khoe Hudng dan: PGS. TS. LE MINH DUC



Thiét ké va mé phong bom ly tam trong cong nghiép

Trong cong nghi€p dau mo, bom ly tdim dugc dung dé hut dau tor dudi giéng va van
chuyé cac san pham dau mo.

Trong cong nghiép hoa chit, bom ly tim ciing duoc ing dung rit rong rai dé

van chuyén cac dung dich hoa chat nhu axit, kiém, muoi ... Trong ndng nghi€p va doi
song, bom ly tdim duoc dung dé tudi ti€u, cung cap nudc cho thanh phd, cho cac nhu
cau cua doi song.
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Thiét ké va mé phong bom ly tam trong cong nghiép

Chuong 2: TINH TOAN THIET KE BANH CONG TAC

2.1 Tinh toan dwdng 6ng thiy lwe va cdt ap ciia bom
Ta c6 cot ap i thuyét cua bom duoc tinh theo cong thuc:

Hy, =H+Yh, +Xh,
Trong d6: H), Cot ap i thuyét ciia bom (m)
H khoang cach giita muc nuédc bé hut va day H = 87 (m)
Y h;, Tong ton that trén dudng dng hut (m)
Yh, Tong ton thét trén dudng 6ng day (m)
Vi

Shy=402 4 g, g, B
Trong d6 : dd nham thanh 6ng hit ciia = 0.2 (mm)
I, d;, chiéu dai va duong kinh dng huat.l, = 5 (m), d,= 200 (mm)
vy, van téc dong chay trén duong ong hut

4Q 4600
ndf  m.3600.0,22

v, = =5.305 (m/s)
Q: Luu lugng cia bom Q = 166.6667 (1/s)
{, hé sb can cuc bd ciia van mét chiéu ¢, =6

¢, hé s6 can cuc bo cua khoa lap rap ¢, = 0.5

g gia tdc trong trudng g = 9.81 (m/s?)

Suy ra
0,2.5.5,3052.1073  6.5,3052 = 0,5.5.3052
Yhy, = + + = 9,3308 (m)
0,2.2.9,81 2.9,81 2.9,81
Ay, v V2 v
Yho=—2-2+ ¢ =+ 2
dgq 29 29 2g

Trong d6:14, d4 chiéu dai va dudng kinh éng ddy I; = 100m,d, = 250mm
(. hé s6 khuy cong (. =0.4
v, van tbe dong chay trén dudng dng day (m/s)

_ 4.Q _ 4.166,6667.107°
- omd: m.0.22

Vg = 5.305(m/s)
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Thiét ké va mé phong bom ly tam trong cong nghiép
Suy ra

_0,2.100. 5,305%.1073 N 0,5.5,305% 4 0,4.5,305%
a 0,2.2.9,81 29.81 2.9,81

= 1,4344(m)

Nén cot ap ctia bom la:
H,=87+9,3308 + 1,4344 = 97,7652 (mH,0)
Thong s tinh toan: Q= 166.6667 (I/s), H,=97,7652 mH,O

2.2 X4c dinh sé vong quay dic trung
Cong suét hitu ich ctia bom 1a:

N, = YQHb _ 1000.166,6667.1073.97,7652
tt = =

= — =159,7471 (kw)  (2.1)

Chat 16ng cong tac 1a nudc cé trong lugng riéng y= 1000 (kG/m?)
Sb vong quay dic trung ctia bom:

_3,65n.4/Q 22)

ST y3/4

Trong d6: ng: S6 vong quay dic trung ctia bom (vong/phut)
n: S6 vong quay ciia bom n= 2900 (vong/phut)
Q: luu lugng ctia bom Q= 166,6667 (1/s).
H: ¢4t &p ctia bom H= 97,9652 (mH,0)

Tur do ta co:

_3,65.2900.//166,6667.10~3
o 97,96523/4

ng = 138,7750 (v/ph)

2.3 X4ac dinh hi€u suat va cong suat ciia bom
Hiéu suat cua bom: :

Mp = Mg Mu-Tek (2.3)
Trong do: ny: Hi€u suat lvu lwong ctia bom
1y Hiéu suét thay luc ciia bom
Nex: Hiéu suét co khi ctia bom

Hiéu sut luu lwong ctia bom dugc tinh theo cong thuc:

1 1
Te = 1+0.68n572/3 ~ 1+0.68.138,7750172/3 0,9752 (2.4)

Hiéu sudt thuy luc duoc tinh theo cong thirc:

0.42

My =1- (togDigq—0.172)" 25)
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Thiét ké va mé phong bom ly tam trong cong nghiép
Véi:
Diga=Kpiqa-10°." [4% (mm) (2.6)
Trong d6: Dy4q 1a duong kinh vao quy dan ctia banh cong tac
Kpiqa 12 hé s6 quy dn déi v6i bom ly thm mét cap ta c6
Hpqq 4,1+4.5 ta chon Kp;,4=4,5.

Thay vao cong thirc ta (2.6) ta tinh dugc Dg4:

31166,6667.1073

— 3
Dyga = 4,5.103, o

= 173,6585(mm)

Tir d6 ta tinh dugc hiéu suét thuy luc ny:

1 0.42
(log173,6585 — 0.172)?

Ny = =0,9018

Hiéu sut co khi duoc xac dinh theo cong thirc thuc nghiém sau:

Nek = Nmsd-NMmo (2.7)

Trong d6: n,,s4 12 hiéu suat tinh tdi ma sat ciia cac bé mat banh cong tac véi chat 1ong
(Ma sat dong).

1 820 1
— =1+ ng => Nmsd = ngo (2.8)
ng
Do do:
1
Nmsd = 870 = 0,9591
1+ 13877502

Mo 12 hiéu suét tinh toi ton that ma sat trong 0 trugt va 6 dém
Nmo= 0,95 + 0,98 Chon 1,,,,= 0,95
Tur d6 ta tinh dugc hiéu suat co khi:
Nex = 0,9591.0,95 = 0,9111
Thay cac gia tri cua ny ny ne 6 trén vao cong thirc (2.3) xac dinh hi¢u suit cia bom ta
co:
Np = Ng-NMu-Nex = 0,9752.0,9018.0,911 = 0,8011

Suy ra cong suat cua dong co nguodn la:

Ny 159,7471
np 0,8085

N =197,5845(kW) (2.9)
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Thiét ké va mé phong bom ly tam trong cong nghiép
Ta chon dong co nguén la dong co dién, cong suét cua dong co dién can chon la
Ng.= (1,05+ 1,3).N
Ng.= (1,05+1,3).197,5845
Ng.= (203,5120+ 256,85985) (KW)

Tra cataloge ctia Cong ty CP ché tao may dién Viét Nam- Hungary ta chon duoc dong
co dién:

Kiéu : WEG W22 IE3/IE4 Series (IEC frame 315-355)
Cong suit : 220 kW
Téc doc : 2900 vong/phut

2.4 Xac dinh kich thuwdc vao cua bom
Xdc dinh van toc dong vao cua bom

Van tbc dong vao ciia bom c6 thé tinh theo cong thirc kinh nghiém sau:
V,= (0,06+0,08). *[Q,, ng (05) (2.10)

Trong d6: Q;, : Luu lugng 1y thuyét trung binh cta bom (m3/s)
ng: S6 vong quay ctua bom véi n, = ng, = 2900 (vong/phit)
Luu lugng 1y thuyét ctia bom:

Qs _ 166,6667.1073

Q= =0,1709 (m3/s)
ng 0,9752
C2
4
Clm\ ! (U7
-— — b2 W2 '2',(’2}
. 1 X
o ¥
\ NS
bl (5] (,‘-r Clm
S L\ /
Ly s ‘ z;\ \ »Ci
Al AN
o - 2 A % /
alAa Q: Q‘.—n | o Clu
' N
U

Thay vao cong thire (1-10) ta xac dinh dugc van téc dong vao cua bom:

V,=(0,06+0,08). ?{/0,1709. 29002 = (6,7712+9,0282) (m/s)
Chon V,= 8 (m/s).
Xac dinh dwong kinh truc bom
Moomen xodn trén truc cuia bom
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Thiét ké va mé phong bom ly tam trong cong nghiép
M=97500. (2-10)
Trong d6: N: Cong suat trén truc cia bom tinh theo KW
n: S6 vong quay trén truc ctia bom tinh theo vong/phut

Thay cac gia tri cia N va n ¢ trén vao cong thirc (2.10) ta dugec:

M=97500.% = 97500222 = 739,65517 (kGem)
n 2900

buong kinh truc dugc xac dinh theo diéu kién bén dya vao udng xuét xoan cho phép
cua bom [7]
3

M
tr = 0217] (cm) (2.11)

Véi tryc bom 1am bang thép ta c¢6 [t] = 120 +200 Kg/cm?.

Trong bom ly tdm ta chon vat liéu ché tao ¢ strc chiu mon cao 1a thép khong gi SUS
316 ¢6 [1]= 180 Kg/cm?

Thay cac gia tri vao biéu thirc (2.11) ta tinh duoc duong kinh truc:

3(7396,5517
d..= [————=59(cm
tr 0,2.180 ,9 (cm)

Dé tang d6 bén ta 14y duong kinh truc d,= 60 (mm).

Xdc dinh dwong kinh moay o theo duwong kinh truc

Puong kinh moay o ta ¢é thé tinh theo cong thirc thuc nghiém sau:
Amo= (1,2+1,25).d ;= (1,2+1,25).60 = 72 + 75 (mm)

Do vay ta chon duong kinh moay o: d;,,= 75 mm.

Xdc dinh dwong kinh vao D,

Duong kinh vao ctra banh cong tac dugc xac dinh tir phuong trinh luu lugng theo cong

thire :
/ 4Q
DOZ # + d72no (212)

Thay cac gia tri cua @y, y, va duong kinh moay o ¢ trén vao cong thire (2.12) ta co:

D, \]& +d2, = \/4'0'1709 + (0,075)% = 0,1649 (m)

.V, .8
Lay tron D,= 170 mm.

Xac dinh dwong kinh bé tri mép vdo ciia banh cong tdc
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Thiét ké va mé phong bom ly tam trong cong nghiép

Puong kinh mép vao cua banh cong tac bom cé thé duogc tinh theo cong thirc kinh
nghiém sau:

D,= (0,75 <0.85).D,= 127,5 + 144,5 (mm) (2.13)

Ta lay D,;= 140 mm.

Xdc dinh bé réng 16i vao ciia banh céng tdc

Vian tdc kinh tuyén dong chay & 16i vao bom Vy,,, = (0,9 +1)Vy= 7,2 +8 (m/s)
Chon V{,,= 8 (m/s).

Chiéu rong banh cong tac tai 16i vao tinh theo cong thirc sau :

o
7
/N
71=90° e
S - .
. Qut
Y mp v/, (m) (2.14)

Thay cac gia tri caa luu lugng 1y thuyét Q. van toc kinh tuyén V,, va dudng kinh D,
vao cong thuce (2.14) tacod :

0,1709
p=—2  — —0,0486 (m)
D1V 7.0,14.8
Lay b,= 50 (mm).
Tinh lai van toc V;,, ta duoc
) __ Qe _ 01709
m o p, b, 7.0,14.0,0486 7.9952 (m/s)

Xdc dinh goc vao khong va
Xéc dinh theo dong vao hudng kinh
Van toc 16i vao V=0, a; = 90°.
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Goc dong vao khong va dugce tinh theo cong thurc :

Vim
tanpB;o=K;. Ull (2.15)

Trong d6 V4, 1a van tbc hudng kinh ctia dong chay & 16i vao.
K, 12 hé s6 chén dong & 16i vao banh cong tac, K;= 1,1 +1,2
Ta chon K; =1,15.

Véan toc vong tai 161 vao dugc tinh theo cong thirc sau:

__m.Din

U
1 60

(m/s) (2.16)

Thay cac gia trj ctia D;= 0,14 (m) va sb vong quay n = 2900 (vong/phit) vao cong thirc
(2.15) tinh dugc vén tdc vong tai 16i vao nhu sau:

Uy=Sa = 2R — 91,2581 (mfs)

Thay céc gia tri K; va U; vao biéu thire (2.15) ta xac dinh dugc goc dong vao khong va:

% 7

_ im_ _ _
tanf;=Kj. 0 1,15. 212581 0,3787
Suy ra
Bio = 20,74°

Goc f, co6 ké dén anh hudng ctia van toc quay:

Bo=PB1-6=>P1 =Pyt S
Trong d6: § goc va trong chay bao canh § = (3 +8)°
Chon § = 3,26°
Suy ra
B1=20,74°+3,26° = 24°
2.5 Xac dinh cac kich thwdc ra cia bom
Xdc dinh dwong kinh ra D,
Puong kinh D,duge xac dinh theo phuong trinh co ban trong may dan:

U2Vau-vyy,,

H =
ltoo g

(2.17)

Trong d6 : Hy, 1a cot ap tinh toan 1i thuyét cia bom

b Hb 97,7652
W ny 09162

=106,7073 (mH,0)

V61 dong vao hudng kinh ta ¢6 V;,= 0 nén:
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Thiét ké va mé phong bom ly tam trong cong nghiép

Uz Vou _ Kpou.U3
Hjtoo= = 2.18
e 218)

U, = /iif (2.19)

Véi K,,»,, 1a hé s6 van toc vong & 161 ra cuia banh cong tac.

T dotacod:

K= (1,78 +2,0).n; %*® = (1,78 + 2).138,775079:28
K= 0,4473 + 0,5026
Lay K,,,,=0,5.
Khi do ta co:

U, Z\/g.Hlt _ \/9,81.‘375,7652 — 437967 (m/s)

Kyou

Puong kinh D, ctia banh cong tac duoc xac dinh bang biéu thirc:

_ 2.Up _ 43,7967.2

D
2 ® 3036873

= 0,2884 (m) (2.20)

Vi w 1a van toc goc cia banh cong tac:

n.n 12900
w:— =
30 30

=303,6873 (rad/s)

Lay duong kinh ra ctia banh cong tac D, = 290 mm.

. Dy 290 . . o . A A
Ta thay : D—j =T 2,0714 ty s0 nay nam trong gioi han cho phép cua bom ly tdm mdt

A 0 LA D
cap ty toc nhanh D—z =1,6 2,5
1
Xdc dinh van toc kinh tuyén tqi 16i ra cia banh cong tdac

Van toc kinh tuyén tai ctra ra cua banh cong tdc dugc xac dinh theo cong thuc thuc
nghiém sau:

Vom =(0,81,1). Vi, (2.21)
Tachon V., = Vi, =8 @m/s)
Xdc dinh bé réng 16i ra cia banh cong tdc
Tur phuong trinh:
Qu=m.D, bV, (2.22)

Suy ra

_ Qu _ 01709 _
b, D, V) 1.0,29.8 0,0235 (m) (2.23)
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Thiét ké va mé phong bom ly tam trong cong nghiép
Chon bé rong 161 ctia banh cong tac b, = 24 mm.
Tinh lai véi van toc V,,,, ta dugc:

Qe _ 01709
T.Dy Vyy  1.0,29.0,024

I
VZm_

= 17,8160 (m/s)

Xdc dinh géc dat canh 16i ra B,
Goc 8, cua profin canh & 16i ra dugc xac dinh theo biéu thirc sau:

L Ky Vim W
sin sin B, = =2, 22 —
Ky Vi Wieo

Trong d6 hé s6 chén dong K, = 1,05 = 1,1 ; ldy so bd K, = 1,05

sinsinf1 (2.24)

Ty s6 van tdc theo phuong kinh tuyén

Vim — 78150 _ 9770
Vim 8
Ty s6 van toc tuong doi lay :
Wi _ . Ao WM
e (1,1+ 1,65) ; lay - 1.2.

Véi két qua da tinh toan & trén goc B1= 24°
Thay cac gia tri do vao cong thirc (1-24) ta xac dinh dugc:

. Ky Vg Wy .
sinsin B, = X szm '@'Smﬂl =
im

1,05
1,15 °

0,977.1,2.sin24°= 0.4354
Suy ra 8> = 25,81°
Chon B, = 26°

Xdc dinh so canh dan cua banh cong tac

S6 canh dan cua banh cong tac dugc xac dinh theo cong thirc sau :

Z-K, 222 sinf2 (025

2— D1
Trong d6 : K, 1a hé sb phu thudc vao cong nghé ché tao
Vi banh cong tac ché tao bang phuong phéap duc ta xac dinh dugc K, = 6,5.
Thay s6 liéu vao cong thirc (2.25) ta ¢6 :

D, Dy . 0,29+0,14 . 24° +26°
7Z=K, = Lginbzls = 6,5. sin =7,874
D,_ Dy 2 0,29-0,14 2

Ta chon s6 canh ctia banh cong tac 1a: Z = 8 canh

2.6. Tinh chiéu day cuia banh cong tac tai mép vao mép ra:
H¢ s6 chén dong ¢ ctra vao dugc xac dinh theo cong thurc:
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Ty

K, = s, (2.26)
Trong do:
Budc canh 16i vao
T, =T =E0 = 540778 mm)  (227)
Chiéu day canh & ctra vao theo phuong U:
S, = sins(j'—:lﬁl (2.28)

Tu do ta co:
8, = (1-—).Ty.sinf, (2.29)
1
Thay s6 vao ta co :

8,=(1- 1—115).54,9778.sin24° =2,9167 (mm)

Chon &; =3mm
Ta co:
3
1 sin240 7,3758
Tinh lai hé s6 chén dong K;:
: 54,9778 11549

 54,9778-7,3578

Tinh lai sai s6 K, tinh lai va K; chon so bo ta duoc:

= LB7LIS 100% = 0,426(%)
1,15
Budc canh & 16i ra :
T, =722 =222~ 13,8827 (mm)

Chiéu day canh & 16i ra:
5,= (1-Kiz). T, .sinB,
Thay s6 :
6,= (I—TES).I 13,8827.sin26° = 2,3773 (mm)

Chon &, = 3mm.

Chiéu day canh & cira ra theo phwong U:
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5, =—2 =3 _ 68435 (mm)

sinf,  sin26°

Tinh lai h¢ s6 chen dong & 161 ra

T, _  113,8827

K, = = =1,0640
T,_S, 113,8827-6,8435
Tinh sai s0 :
KK 1,064—1,05
e = === | =1,3333 (%)
K, 1,05

Sai s6 € nam trong pham vi cho phép tir 3+ 5%

Van toc twong doi cia dong chay & cira vao va ctra ra cua banh cong tac dugc xac dinh
nhu sau:

v, 8
Am —.15.

singy ’ sin240°

W1:K1.

=22,6191 (m/s)

W, = Kj.22m — | 15,

sing, sin26°

=20,986782 (m/s)

2.7 Tinh kiém nghiém
Van tdc theo khi ra khoi banh cong tac dugc xac dinh theo cong thire :

— Vom Vom
V2= 2.tanp, * \[(z_mn[g) 2+ 9-Hiteo (2.30)

Cot ap 1i thuyét ciia bom khi ké dén anh hudng cta sé canh hitu han dugc xac dinh theo
cong thirc dung sau:

HltOO = (1+p)Hlt (23 1)
Trong d6: p 1a hé s6 ké dén anh huong cta sd canh hitu han duoc xac dinh theo cong

thuc:

. R1 ,
sinf, +(R—2)2.smﬁ1 B 1

€
R S R
1- (30?2 Z 1-(h?

NS

p= (2.32)

Trong d6 véi ng = 100 + 200 hé s6 € duge xéac dinh theo cong thirc sau:

e =2 (sin,+ (i—:)z.sinﬁl) (2.33)

Thay céc gia tri B; f, va cac ban kinh R, = D;/2, R,= D,/2 vao cong thirc (2.33) ta xac
dinh duge hé s6 :

€ == [5in26°+ (-1 5in24°] = 0,5873
2 0,145

Thay gia tri nay vao phuong trinh (1-36) ta xac dinh dugc hé so:
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Thiét ké va mé phong bom ly tam trong cong nghiép

€ 1 0,5873 1

.E. R1 2: . 3 . 1— 0,07 220,1914
-G )

p=2

Thay gia tri cua p vao cong thirc (1-35) ta co:
Hjioo = (14p).H;; = (140,1914).97,9652 = 116,7157 (mH,0)
Van tdc theo khi ra khoi banh cong thirc duogc xac dinh theo cong thic :

Vo, = K, V4. = 1,05.8 = 8,4 (m/s)

_ Vom Vom
U, = 2.tanf, * \/(Z.tanﬁz) 2+ 9g- Hltoo

Thay sb

2
U, =—2 +\/( o4 )+9,81.116,7157=43,5274(m/s)

 2.tan26° 2.tan26°
Tu cong thirc:

w.D>n 60.U 60.43,5274
l]2 — 2. :> D; = 2 —
60 m.n 1.2900

= 0,2867 (m)

Sai sO

D3 _p,l  10,2867-0,29]
D2 0,29

AD, =0,01138

Nhu vay sai sb trén nam trong khoang [0,03+0,05] co thé chép nhan duoc
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Chuong 3: THIET KE CANH BANH CONG TAC VA BUONG XOAN

3.1 X4y dung mit cit kinh tuyén ciia banh cong tac
Mait cat kinh tuyén duogc xay dung dua trén cac thong s6 hinh hoc va thong s6 lam viéc
cua bom gom:

D, 140mm Dy, 60mm
D, 290mm B1 24°

B; 52mm B 26°

B, 24mm 01 3 mm
Amo 75mm o 3 mm

Z 8 Hy; 97,7652 m
Qlt 0,1709m3/s Hy; 113,8827 m
Vim 8 m/s Vom 8 m/s

Bang 3.1 Cdc kich thudc co ban tai cira vao va civa ra va théng sé ciia banh cong tdc
Trén mit phing ta dung duong vudng goc véi truc bom. Tai diém tuwong tmg ban kinh
R, c6 chi€u rong b,, diém tuong ung ban kinh R, co6 chiéu rdng b,, di€m tuong ing ban
kinh 7;, c6 chiéu rong b;

__ Qu
Lo2mrivig
NA2 | don 1 2 3 4 5 6 7 8
Vi
ri mm 0.07 0.08 0.09 0.1 0.11 0.12 0.13 0.145

V'mi | m/s 9.1107 | 8.8556 | 8.6077 | 8.3667 | 8.1324 | 7.9047 | 7.683399 | 7.468264

bi mm 42.58 |38.33 |35.05 |32.46 |3036 |28.63 |27.19143 | 25.08079

Bdng 3.2 chiéu réng banh cong tdc tai cdc diém twong iing

Van toc V.., cho bién d6i tuyén tinh toi cira ra ctia banh cong tac cac tri s6 b; cho trong
bang 3.2

Tai cac diém ban kinh r i ta v& cac dudng tron ban kinh bi/2. Sau d6 vé dudng tiép
tuyén vdi cac vong tron ban kinh b_i/2 ta nhan dugc mat cat kinh tuyén ctia banh cong
tac
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\ gt v

-_*c‘q g

145,00

85,00
LY

70,00

37,50

Hinh 3.1 Mdt cat kinh tuyén ciia banh céng tac

3.2 Tinh toan xay dung bién dang canh banh céng tac
Bién dang canh banh cong tac dugc xay dung dya trén co sé tich phan phuong trinh

Phuong trinh dugc phan tich bang phuong phap sé cho dudi dang bang ( bang 2.3 )

Trong d6, cac gia tri Wy, Vi, va &; thay d6i theo ban kinh 7; voi quy luét tuyén tinh
hodc parabol ducg cho trén hinh

Goc bao canh dugc xac dinh theo phuong trinh

_ 180 Zn Bi4 Bit1 Bl+1 Ar,

Trong do:

__r
oretg(Ba)

. 5§ v
sin(f;) = =+ 22

Xac dinh dugc goc bao 0; tuong ing vdi ban kinh 7;, ta xay dung dugc duong nhan
porphin trén mat chiéu bang, sau d6 dap do day trén duong nhan ta nhan dugc porphin
c6 chiéu day hitu han va xdy dung duoc hinh chiéu bang cua banh cong tac

Duya trén hai mit chiéu banh cong téc, ta s& ché tao duoc dudng canh va banh cong tac
thuc cua bom.
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ri ti oi | di/ti | Vimi| Wi | Vimi/Wi [sin(Bl) | P1 |tg(Bl) | Bi | (BitBi+1)/2 | ©
mm | mm | mm m/s | m/s do mm mm do
70 | 55 | 3.5]0.06|9.11 | 26.4 | 0.3447 | 0406 | 24 0.44 |0.03 0 0
80 | 559 3.5]0.06|8.85 (257 | 03447 | 0.404 | 23.8 | 0.44 |0.02 0.0302 17.3
90 |70.7] 3.5 ]0.05|8.60 | 24.9 | 0.3447 | 0.391 | 23.0 | 0.42 |0.02 0.0272 32.8
100 | 78.5| 3.5 | 0.04 | 8.36 | 24.2 | 0.3447 | 0.383 | 22.5 | 0.41 |0.02 0.0251 47.3
110 | 86.4 | 3.5 | 0.04 | 8.13 | 23.5 | 0.3447 | 0372 | 21.8 | 0.40 | 0.02 0.0234 60.6
120 ({94.2 | 3.5 10.03 | 7.90 | 22.9 | 0.3447 | 0.362 | 21.2 | 0.38 | 0.02 0.022 73.3
130 | 102 | 3.5 | 0.03 | 7.68 | 22.2 | 0.3447 | 0.353 | 20.7 | 0.37 |0.02 0.0209 85.2
145 114 | 3.5 | 0.03 | 7.46 | 21.6 | 0.3447 | 0.343 | 20.1 | 0.36 |0.01 0.0196 96.5

Sinh vién thyc hién: Pang Ngoc Khoe
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Thiét ké va mé phong bom ly tam trong cong nghiép

3.3.Thiét ké phin din dong ra kiéu budng xoin
Vai tro cua bo phan dan dong

Déi v6i bom canh dan néi chung, chi tiét thuy luc quan trong nhit giit chirc ning thuc
hién viéc trao doi ning luong ctia may 1a banh cong tac. Hai bd phan tiép giap trude va
sau banh cong tac 1a ddn dong vao va ra. Hai chi tiét nay khong truc tiép tham gia trao
d6i nang lugng, nhung chung giit vai tro tao diéu kién cho banh cong tac thuc hién co
hiéu qua viéc trao doi ning luong. Néu cac bd phan din dong khong dugce tinh toan thiét
ké hop 1y s& anh hudng t6i hiéu suét cia viée trao doi ning lugng.

- B0 phan dan dong ra 1am nhiém vu dan chat long tir banh cong tac ra 6ng day, n6 phai
dam bao duogc cac yéu cau co ban sau :

- bam bao dong dbi xung truc sau khi ra khoi banh cong tac tao diéu kién thuan lgi cho
chuyén dong 6n dinh ctuia dong trong banh cong tac.

- Giam dong ning cia dong ra khoi banh cong tac dé giam ton that nang lugng ci dong
trong duong ong day. Kinh nghiém cho thay khoang 25% dong ning bién d6i thanh ap
nang trong khu vuc nay la phu hop.

- Hién nay nguoi ta thuong dung hai loai buong dan dé 1a buong dan kiéu ong xoin (goi
la budng xodn) va budng dan ki€u canh. Trong d6 4n nay em thiét ké ki€éu budng dan ra
kiéu xoan, loai c6 mot dng xoan (ki€u budng xoan don).

Tir yéu cau thuc té ciing nhu 1i thuyét va vai tro ciia budng xoan ngudi ta dua ra hai
phuong phap thiét ké budng xoan do la:

- Dong chay trong ranh xoan la d6i xtng truc hay C,.R = const v4i gia thiét chat long
cong tac 1a li tudng.

- Xudt phat tir gia tri trung binh véan téc C3 ctia dong chit 1ong cua tat ca cac thiét dién
budng xoan 1a hang sd.

- Khi 4y thiét dién budng xoan c6 rat nhiéu dang khac nhau nhu : hinh thang, tron, vudng.
Trong d0 an ta sé& thiét ké dang budng xodn hinh thang voi quy ludt c,r= const.

3.4.Tinh toan thiét ké budng xoin theo quy luit c,r= const
Tinh todn vdn toc dong chay trung binh

Vin tc dong chay trung binh 1a mot thong s6 quan trong trong thiét ké va phan tich cac
hé thong dan dong nhu dng dan, kénh ho hodc budng lam viée ciia bom. Viée xac dinh
chinh xac van tdc dong chay trung binh gitp danh gia kha ning van chuyén chat 1ong,
ton that nang luong va hi¢u qua lam viéc cua thiét bi.

Vian téc dong chay trung binh duoc tinh theo cong thirc:
Ve ==
Trong do:

e V. 1a van téc dong chay trung binh (m/s),
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e Qlaluu lugng dong chay (m?/s),

« A la dién tich tiét dién dong chay (m?).
Sau khi xac dinh dugc luu lugng va tiét dién, van toc trung binh dugc tinh toan dé phuc
vu cho céac budc tiép theo nhu tinh ton that 4p suat, thiét ké hinh dang duong 6ng, budng
cong tac hodc kiém tra di€u kién chay ré1 — chdy tang. Viéc dam bdo van toc dong chay
nam trong gidi han cho phép la di€u kién tién quyét dé h¢ thong hoat dong 6n dinh va
hiéu qua.
Céc thong s6 dau vao dé tinh toan budng xoan duoc 1ay tir banh cong tac sau khi da tinh
toan:

Don vi
Q m3/h | 600
H m 107
Ns v/p 138,7750

D2 mm 290

0 mm 3.5

b2 mm 27

3.5. Tinh toan van tdc trung binh dong chay

bé thlet ké vo xoan cho bom ly tim, mot trong nhing thong : sO quan trong can xac dinh
la van toc trung binh cua dong chat 1ong chay trong dng xoan. Van tdc nay anh hudng
truc t}ep dén kich thudc hinh hoc cua vé bom cling nhu hiéu suat lam viéc cua toan bd
hé thong.

50
{40
130
0.50p %
o , 20 8
0.40F 118 >
- 1iz §
. - ]0 nu
i 0.30 ")
4 N |6
¥ N 8
0.20 4
s 13
0.15 1 | 1
100 200 3004001600 1100011500 2000
500 800 1200
n

Hinh 3.3 Biéu do hang so xoan oc
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Van toc trung binh duoc tinh dya trén cot ap thiét ké va hé s6 kinh nghiém k,, theo cong
thure:

Trong do:

ek, 13 hé s6 thuc nghiém, tra tir biéu do kinh nghiém (hinh 4.1), c¢6 gia tri 14 0.42
d6i voi loai bom dang thiét ké.

o g la gia tdc trong truong (9.81 m/s?).
« H1acot ap thiét ké ciia bom (¢ day chon H= 107 mH ).
Thay cac gia tri vao cong thurc ta dugc:
V,=0,42.4/2.9,81.107 = 19,2438 (m/s )

Gia tri van toc nay s€ dugc sir dung trong cac budc tinh toan tiép theo, dac biét 1a khi
xac dinh dién tich tiét dién cua vo xoan.

3.6. Tinh toan dién tich tiét dién clia v6 xoén

Dién tich tiét dién ctia vo xoan 1a thong sé can thiét dé dam bao rang luu luong nude
dugce dan di mot cach lién tuc va khong giy ton that ap suat 1on trong qué trinh hoat
dong cua bom.

Di¢n tich tong thé ctia vo xodn dugc xac dinh theo cong thirc:

Qs
A, ==
v Vi

Trong do:

e Q12 luu luong thiét ké ciia bom (liy bang 600 m*/h).

e V, 12 van toc trung binh dong chay da tinh & trén (19,2438 m/s).
Thay vao cong thtrc:

_0,16667.10°

A
v 19,2438

= 8660 (mm?)

Sau khi xac dinh dién tich tong AVA_vAwv, ta tién hanh chia nho tiét dién twong tng voi
tung doan ctia vé xodn. Gia st vo xodn dugc chia thanh 8 doan, thi tiét di¢n cua tung
doan duogc tinh theo ty 1¢:

Ay = A4, =158

i
'
A,; = 8660. g =1082,5 (mm?)

Viéc chia déu theo ti 18 nay giup dam bao phan bd luu lwong déu quanh vo xoan, gop
phan nang cao hiu suat thuy lyc va gidm ton that nang lugng trong qua trinh van hanh.
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3.7. Tinh toan dwong kinh vong day ciia v6 xoin

Puong kinh vong day cia vo xoan, ky hiéu 1a D5, 1a mot thong sé hinh hoc quan trong
trong thiét ké vo xodn bom ly tim. Théng sé nay anh huéng dén su phan bd déu cua luu
lwong trong vo xodn, tir d6 tac dong dén hiéu suit thuy lwc coa bom.

DPuong kinh D; dugc xac dinh theo ti s6 giita dudng kinh vong day va dudng kinh dau

ra cua banh cong tac D, thong qua cong thirc:

Ratio = (22).100

2
Trong do:
« D, 1a dudng kinh dau ra cia banh cong tac (tinh hodc cho sin tir thiét ké trudc
do).

« Ti sb "ratio" dugc x4c dinh dua trén biéu do tra theo téc do riéng ng cua bom.
Vi toe do riéng ng=138,7750 rpm, ta tra dugc ratio = 7 (theo Hinh 4,1 cua tai
liéu goc).

Ttr cong thtrc trén, suy ra:

ratio.D
D3=( 100 2)+D2

Thay s6 vao:

Dy = (Z22) + 290 = 310,3 (mm)

100

Nhu vay, dudng kinh vong day cia vo xoan duge xac dinh 1a 310,3 (mm). Kich thuéc
nay s& duogc sir dung dé xay dung hinh hoc ctia vo xodn, dam bao sy khép ndi hop 1y
giita banh cong tac va vo bom, dong thoi giam thiéu t6i da cac ton that thuy luc trong
vung thoat cia banh cong tac.

3.8. Tinh toan bé rong vé xoin (Volute Width)

Bé rong vo xodn b, 1a thong s6 hinh hoc quan trong, anh hudng dén kha niang dan dong
cua vo bom va hi¢u qua thuy luc. Trong thiét ké nay, bé rong vo xoan dugc xac dinh
theo hai phuong phap:

o Phuong phap thir nhat, xac dinh theo kich thudc banh cong tac:
b,=b,+2xd6 day tdm chin +2xkhoang hé mdi bén ctia banh cong
Thay so:
b,=27+23,5+2.4,5=43 (mm)

Trong do:
e b,=27 (mm) la chiéu rong tai ctra ra banh cong tac.

o D0oday tAm chan 14 3,5 mm mdi bén.
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« Khoang ho duogc thiét ké 1a 4.5 mm mdi bén.
« Phuong phap tht hai, ap dung cho bom ¢6 toc do riéng thap (100< ng <500)
e b,=2.b,=227=54

Két luan: Trong ca hai phuwong phéap, bé rong v6 xoan cho két qua b, =43 mm, b, =54
mm, nén gia tri dugc chon theo phuong phap thir nhit b, = 43.

3.9. Tinh toan géc vé xoin (Volute Angle)
Goc md vo xoan a,, anh hudng dén qua trinh tang ti€t dién dong chay trong vo va duoc
xéac dinh dya trén toc d6 riéng n, ctia bom thiét ké. Theo biéu do tra tir tai lidu thiét ké
vo xoan, voi:

ng=138,7750 rpm
Ta xac dinh duoc:

a, =6,5°

Goc 6m budng @y, duoc 1ay theo bang sau:

n(viph) 60 90 130 190 280

Do 360° 350° 340° 330° 320°

Bang 4.1 Géc bao buong xodn @y, phu thudc vao ng

Voi ng=138,7750 (v/ph) theo bang trén ta chon ¢,, = 340°

Goc nay dam bao sy md rong déu cua vo xodn, tao di€u kién thudn lgi cho vi¢e giam
toc do dong chay va bién d61 dong nang thanh ap nang trong qua trinh 1am viéc cia bom.

Hinh 3.4 Minh hoa cho Ii thuyét tinh todn buong xodn
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3.10 Tinh toan chiéu day thanh vé xoin (Volute Wall Thickness)

Chiéu day thanh vo xodn dugc lua chon dua trén dudng kinh ng hut, theo bang tiéu

chuan nhu sau:

DPuong kinh 6ng hut Chiéu day tbi thiéu
(mm) (mm)
40-80 5
100-250 6
300 8
400 10
500 12

Vi trong thiét ké nay, duong kinh dng hut 13 140 mm, thudc khoang 100—250 mm, nén

chiéu day thanh v6 xoan dugc chon la 7 mm.

3.11 Tinh cac thong s6 khac dé bo tri vé xoin (p_vi va r_vi)

Céc yéu cau bo sung dé xac dinh hinh dang mat cat ngang cua céc tiét di€n vo xoan bao

gom céc thong sO p,,; va ry,;

Gia tri p,,; dugc tinh theo cong thuec:
_ |Ayi+0,604b;,2
P 0,367

Trong do:
o A, dién tich mat cat tai vi tri 1
e b,: chiéu rong vo xodn

Vé6ii=1:

Puvi 0367 = 77,4121 (mm)

_ J1082,5+0,604.432

Tuong tw, gia tri p,; duoc tinh cho cac gia triitir 1 dén 8.

Sau khi ¢6 p,,;, gia tri r,; dugc xac dinh theo cong thic:
Ty = 0,206.p,;

Voii=1:

7y = 0,206.77,4121 (mm)
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Quy trinh tinh toan nay duoc lip lai theo cac tiét dién vo xodn tmg voi i tir 1 dén 8. Két
qua tong hgp cua cac phép tinh dugc thé hién trong 'bang 4' dudi day.

i Avi Pvi rvi

1 1082.5 77.41209306 | 15.94689117
2 2165 94.56333028 | 19.48004604
3 3247.5 109.0495975 | 22.46421708
4 4330 121.8253093 | 25.09601372
5 5412.5 133.3828972 | 27.47687683
6 6495 144.0159316 | 29.66728191
7 7577.5 153.9161455 | 31.70672597
8 8660 163.2169449 | 33.62269066

Bat dau sau tiét dién Q90 12 phan 6ng loe co tiét dién bién doi tir tiét dién tinh toan dén
tiét dién cudi cung (ndi véi dng day). Cac tiét dién chuyén tiép phai co dién tich bang
dién tich hinh tron twong dwong tng véi do loe tinh toan. Goc loe ciing nhu chiéu dai
6ng loe duoc tinh toan sao cho dam bao cac diéu kién sau:

- Van tdc trung binh & cira ra dng loe :
Vige= (2+6) m/s

- Goc loe phai dam bao hop 1y, khong gay nén tach thanh, thong thuong «a;,, = 5° +12°.
Truong hop dng loe cong ¢o thé 1y 1én 16° .

Pé tinh toan ong loe, can dua ong loe vé dang ong loe non twong duong. Puong kinh
16m cua ong loe bang bang duong kinh 6ng day D,.,, con duong kinh nhé bang dudng
kinh twong duwong D,4 xac dinh tir dién tich 16n nhat ciia budng xoan Asuo0:

4Q 4x0,0876
Dtd=\/n =\/ ——==0,0165 (m) = 163,2 (mm)

Vioe

Puong kinh dng ra khoi budng xoin duge chon trong dai tiéu chuan. Can ctr vao tai liéu
trong gido trinh Ly thuyét canh ctia PGS. TS Hoang Thi Bich Ngoc ta chon D,,= 250
(mm)

Puong kinh twong duong xac dinh tir mit cit 0° = 340 ciia budng xoén :
Diq= 163.2169449 (mm)

Chon chiéu dai L 13 L = 428 (mm)

Vay ta c6 goc loe 1a :
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250-1632 _

Upoe = Arctg = 228

Sau khi da tinh toan xong, ta tién hanh xay dung (v&) duong cong ngoai clia buéng xoan
nhu sau. Trudc tién ta dung cac tia cach nhau 42.5°. Trén cac tia nay ta xac dinh cac
diém tir 0 dén VIII 1a cac Ri twong tng tung tiét dién. Dbi v6i cung tron dau tién ta co
thé v& mot dudng tron bat ky di qua hai diém 0 va I sao cho nhin ¢6 d6 cong hop 1y (c6
mot goi v 1a ta ¢ thé vé mot duong spline di qua tam diém trén rdi v& duong tron nay
c6 do cong gan véi d6 cong cia dudng spline di qua hai diém 0 va I) v6i cung tron thir
hai, ta c6 hai cach v€ nhu sau:

1- Néu ta st dung cad dé vé thi, tir diém 0 ta v&é mot dudng thang di qua tdm cia cung
tron thtr nhat, v€ trung truc ctia doan thang noéi hai diém I va II. Ta dugc giao diém cua
hai duong nay la tdm cia cung tron thtr hai. Cir nhu vay ta vé ti€p cho cac cung tron con
lai.

2- Néu ta sir dung phén mén SolidWorks dé vé& thi: ta v& mot duong tron bat ky, bét tao
moi quan hé gan két gitta dudng tron nay véi diém I va diém II, sau d6 ta diéu chinh ban
kinh ctia dudng tron ndy sao cho tiép tuyén tai dién I ctia cung tron 1 va tiép tuyén cua
duong tron nay nam trén ciing mot dudng thang, twong tu ta vé dugc cac cung tron khac.

Két qua tinh toan duoc cu thé bang hinh vé& nhu sau:

250,00
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Hinh 3.5 Bién dang buong xodn
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Chuong 4: MO HINH HOA VA MO PHONG CFD

4.1. Gi6i thiéu vé CFD (Computational Fluid Dynamics)

CFD (Computational Fluid Dynamics — Tinh toan dong lyc hoc chét long) 1a mat linh
vuc thude co hoc chét 1ong tng dung, sir dung cac phuong phéap sé va thuét toan dé mo
phong va phan tich cac hién twong dong chay chét 10ng va khi. Bang cach giai hé phuong
trinh Navier—Stokes cting cac phwong trinh bao toan khéi lwong, dong luong va ning
lugng, CFD cho phép phan tich chi tiét su phan bd ap suat, van tbc, nhiét do va cac dic
tinh dong chay bén trong hodc xung quanh cac vt thé k¥ thuat.

Véi su phat trién cia phan mém mo phong hién dai nhu ANSYS Fluent, CFX, Star-
CCM+, CFD d4 tré thanh mot cong cu quan trong trong qua trinh thiét ké, toi vu hoa va
danh gié hi¢u suét cia cac hé théng ky thuat, ddc biét trong cac linh vuc nhu hang khong,
0 t0, nang lugng, co dién tor va may thuy luc.

Trong d6 4n nay, CFD dugc sit dung dé mo phong dong chay bén trong bom ly tam, tir
dé danh gia cac dai luong thuy luc quan trong nhu ¢dt ap, hi¢u suét, ton that ap suét va
phan b dong. Viéc ung dung CFD khong chi gitip hiéu rd hon vé déc tinh lam viéc cta
bom ma con hd tro qua trinh tdi wu hoa hinh hoc banh cong tac va vé bom, nham nang
cao hiéu suat toan hé thong ma khong can ché tao va thir nghiém vat 1y ngay tir dau.

4.2.Phwong phap chia lwéi trong mo phong CFD

Trong md phong CFD, chia ludi (meshing) 13 budc quan trong nham phan chia mién
tinh toan thanh cac phan tir nho (cell hodc element) dé phan mém c6 thé giai dugc cac
phuong trinh vi phan mé ta dong chay chét long. Do chinh xac va d6 hoi tu cua két qua
mo phong phu thudc rat nhiéu vao chat luong ludi.

Co ba loai ludi co ban thuong dugc stir dung:
o LudGi tir dién (tetrahedral mesh): thich hop véi cac hinh hoc phtrc tap, dé tao luégi
tu dong nhung co thé gay tang s6 lugng phan tir va giam d6 chinh x4c.

o Ludi luc phuong (hexahedral mesh): c6 d chinh xac cao hon, dac biét hi¢u qua
v6i dong chay co hudng uvu tién (dong chay truc, dong trong dng), nhung kho
sinh ty dong cho hinh hoc phuc tap.

o Luéi lai (hybrid mesh): két hop cac loai ludi (thuong 13 ludi tir dién + prism
layer) dé tan dung uu diém cua tung loai.

Trong md hinh bom ly tdm, can chu trong chia ludi min tai cac ving c6 thay d6i 1on vé
van toc va ap suat nhu vung canh bom, khe ho gitta canh va volute, ving ra miéng hut
va ctra thoat. Ngoai ra, can tao 16p bién (boundary layer) bang cic 16p prism dé mod
phong chinh xac gradient van toc sat thanh.

Céc chi s6 chat luong ludi quan trong can dam bao gdm:

« Orthogonal Quality > 0.15 (cang gan 1 cang t6t)
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« Aspect Ratio < 100 (cang nho cang tbt)

« SO phan tir vira di dé dam bao do chinh xac nhung khong 1am ting qua tai tinh
toan.

Trong d6 4n ndy, phdn mém ANSYS Meshing dugc sir dung dé chia luéi cho mé hinh
banh cong tdc va vo bom. Qua trinh chia ludi dam bdo can bang gitta chat luong, s
lugng phan tir va thoi gian mé phéong nham dam bao két qua dat do tin cay cao.

4.3.Phan mém va md hinh sir dung

« Phin mém mo phong: ANSYS Fluent

Phuong phap giai: Steady-state (dong chay 6n dinh)

Mo hinh nhiéu loan: SST k— (Shear Stress Transport)

Mién tinh toan: Bao gdm banh cong tac va vé bom

« MOoi chat: Nudce (p = 998.2 kg/m?, p=0.001003 Pa-s)
4.4.Chia lu¢i (Meshing)
« Loai phan tir: Polyhedral hodc Tetrahedral (tr dién khong déu)
Diéu kién bién (Boundary Conditions)
« Inlet (dau vao):
o Loai: Total Pressure Inlet
o Ap suat: 0 Pa (chudn ap suét khi quyén)
o Turbulent Intensity: 5%
« Outlet (d4u ra):
o Loai: Mass Flow Outlet
o Luu lugng: 600 m*h (twong duong 0.1667 m?3/s)

« Wall: TAt ca bé mit duoc dat la no-slip, bé mat banh cong tac dat o ché 36 rotating
reference frame (2900 vong/phut).
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Banh cong tac (Iterations: 405)

Cells Faces Nodes

2002069 | 8428401 | 4622965

Hinh 4.1 Cdu triic luéi banh cong tdc

Residuals
continuity
1.00e+2 x-velocity
— y-velocity
z-velocity
1.00e+1 K
omega
1.00e+0
i)
m 1.00e-1
=}
h=]
‘0
&
1.00e-2
1.00e-3
1.00e—-4
1.00e-5
50 100 150 200 250 300 350 400
Iterations

Hinh 4.2 Biéu dé6 residuals banh céng tic
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head-rplot
head

1.40e42

1.20e+2
E
® 1.00e+2
Q
~
c
(=]
2 8.00e+1

. e+

g
o
>
w

6.00e+1

4.00e+1

50 100 150 200 250 300 350 400
iteration

Hinh 4.3 Biéu dé héi tu cét dp banh cong tic

eff-rplot
eff-rplot

9.00e-1

eff

8.00e-1

7.00e—-1

eff ()

.. 6.00e-1

5.00e-1

Expression

4.00e-1
3.00e-1
2.00e-1

50 100 150 200 250 300 350 400

iteration

Hinh 4.4 Biéu do hoi tu hiéu sudt banh cong tac
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power-rplot

power-rplot

power

9.00e+5

8.00e+5

= 7.00e+5

6.00e+5

power (W

5.00e+5

Expression:

4.00e+5

3.00e+5

2.00e+5 \/¥

1.00e+5

50 100 150 200 250 300 350 400

iteration

Hinh 4.5 Biéu dé héi tu céng sudt banh cong tdc

Bom [i tam Iterations: 339

Cells Faces Nodes

1940894 | 8595117 | 4971617

Hinh 4.6 cdu tric ludi bom ly tdm
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Residuals

Residuals

2.00e+2
1.00e+2
5.00e+1

= continuity
— x-velocity
— y-velocity
2.00e+1 ~—— z-velocity
1.00e+1 —_—k

5.00e+0

omega
2.00e+0
1.00e+0

5.00e-1
@
g 2.00e-1
2 1.00e-1
& 5.00e-2
2.00e-2
1.00e-2
5.00e-3
2.00e-3

1.00e-3
5.00e—-4

2.00e-4
1.00e-4

50 100 150 200 250 300

Iterations

Hinh 4.7 Biéu d6 residuals bom ly tam

head-rplot

head-rplot

head

5.00e+1

0.00e+0

pression: head (m)

Ex

—-5.00e+1

—1.00e+2

50 100 150 200 250 300

iteration

Hinh 4.8 biéu do héi tu cot dp
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power-rplot

5.50e+5
5.00e+5
4.50e+5
°4.00e+5
3.50e+5

3.00e+5

Expression: power (W

2.50e+5

2.00e+5

power-rplot

1.50e+5

1.00e+5

50 100

150 200 250 300

iteration

Hinh 4.9 Biéu d6 héi tu céng sudt bom ly tam

eff-rplot

5.00e-1

0.00e+0

pression: eff ()

—5.00e-1

Ex

—1.00e+0

50

100

eff-rplot

150 200 250 300

iteration

Hinh 4.10 Biéu do hi tu hiéu sudt bom ly tam
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4.5. Két qua mé phéng

Banh cong tac

moment | -508.9597 | Nm

eff 0.892548

power | 154564.6 |w

head 84.61537 |m

patiines-1

Velocity Magnitude
4000+01
3.608+01
3.20e+01
2800+01
2.400+01
2.00e+01
1.60e+01
1.20e+01
8.00e+00
4.00e+00

0.00e+00
tms )

Hinh 4.11 Truong vén toc banh ééng tac

contour-1
Velocity Magnitude

4000401
3.608+01
3.20e+01
2800+01
2408+01
2.00e+01
1.60e+01
1.20e+01
8.00e+00
4.00e+00

0.00er00
[m/s}

Hinh 4.12 Phdn bé truong vén tdc trén mdt cdt banh céng tdc
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Bom i tam
moment | -504.0481 | Nm
eff 0.7831065
power 153073 W
head 73.52365 | m
contour-1

Viacity Magninde
fms)

4.00e+01
3.80e+01
3.20e+01
280e+01
240e+01
200e+01
1.60e+01

1.20e+01

£.00e+00

4.00e+00

0.00e+00
contour-1

7

Hinh 4.13 phdn bé vin toc trén mdt cdt bom ly tim

Vedocity Magnitude
[mis]

5.54e+01
4.9e+01
4.43e+01
3.88e+01
333e+01
2.77e+01
2222401
1.662+01
1.11e+01
5.57e+00

3.02e-02
vector-1

_ ,
Hinh 4.14 Truong van toc bom ly tam
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Vdoaty Magmnde
[ mvs)

4 00e+01
3.60e+01
3.20e+01
280e+01
2400401
200e+01
1.60e+01
1.20e+01
£.00e+00

4.00e+00

0.00e+00
pathiines-1

Hinh 4.15 Truong vén toc bom ly tam

4.6 Phan tich va danh gia két qua

Banh cong tac

Hiéu suit (89.3%)
« Day 1a mirc hiéu suat t6t cho mot bom ly tim don tang.
« Diéu nay cho thay:

o Thiét ké hinh hoc canh bom hop 1y (gbc canh, bé rong kénh dong, do
cong canh).

o Dong chay on dinh, it ton that do x04y nguoc hodc va cham.
o Mesh va boundary condition trong mé phong duoc cAu hinh chuan x4c.
Phdn tich dwong dong
Dong chay:
« Dong chay phan b déu tir tim ra ngoai (quy luat cta luc ly tAm).

« Khong c6 ving xody manh hoic dong cit — chimg t6 thiét ké dau vao kha tot,
khong gay xung luc.
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« Ving van tc cao nhat (mau do) tap trung & ria ngoai — diing voi quy luat tang
dong nang theo ban kinh.

Vung trung tam:

« Vung tdc d6 rat thp tai tAm canh (mau xanh dam), diéu nay 1a binh thuong vi
day la vung ap thap hat dong vao.

« Khong thay dau hiéu rd rét ciia backflow — thiét ké dau hut 1a 6n.
Tong két
« Banh cong tic mo phong cho két qua tot ca vé hiéu suit va phan bd dong chay.

« Cot 4p 84.61537 m v6i hidu suat gan 90% & 2900 rpm 1 t6i wu, chimg t6 mo
hinh thiét ké c6 kha nang img dung thuc te.

Bom Iy tam

Dong chay ra khéi canh bom:

o Mau d06 va cam (v > 4.5 m/s) tap trung tai phan dau canh bom — chimg
t6 nang luong dong hoc duoc gia ting t6t nho lIyc ly tAm.

o Phan bd vén toc ndy 1a dién hinh cho bom ly tdm, khi chat 1ong duoc
tang tOc ra ngoai.

Ving 16m trung tim (mat bom):

o Van tdc rat thap (xanh duong nhat, < 5 m/s) — phu hop vi ddy 1a ving
hut.

o Néu c6 cac vector hdn loan hodc ving xody manh tai day thi c6 thé gay
hién twong xody nguoc (backflow) hoic tao xody ¢ dau hit — can kiém
tra ky.

Ong xoin (volute):

o Vector van toc thé hién dong chay dugc din hudng hop 1y vé phia ong
ra.

o Can kiém tra thém vé phan bd ap suit dé danh gia tén that hodc hién
tuong xam thyc (cavitation).

Hudng vector va cau trac dong:

o Vector van toc phan bo déu va tron tru — dau hi¢u ctia mé phong 6n
dinh, khong ¢6 hi¢n tugng mat hoi tu.
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Chuwong 5: KET LUAN VA KIEN NGHI

5.1. Két qua nghién ciru va thiét ké

Théng qua viéc ing dung mé hinh héa sé va cong cu mé phong CFD vao thiét ké
bom ly tam, dé tai da dat duoc nhimng két qua thyc tlen quan trong, dong vai tro nén
tang cho viéc thiét k&, t6i uu va kiém nghiém hiéu suat thiét b trong cong nghiép.

M0 hinh héa hinh hoc va thiét 1ap mo6 phéng CFD da dugc thuc hién bai ban, gom
cac bude: xtr Iy hinh hoc CAD tir mé hinh thiét ké, lu6i hoa véi ky thuat chia luéi
thich hop (gdm ving quay va ving tinh), dinh nghia ranh gi¢i dong chay, gan diéu
kién bién vao/ra va vung quay cho banh cong tac. M6 phong dugc thuc hién trong
trang thai dong on dinh (steady-state), sir dung mo hinh turbulence k—¢ cai tién.

Két qua phan tich dong chay bén trong bom cho thay phan bd van toc va 4p suat hop
Iy, biéu hién su phat trién 6n dinh ctia dong qua banh cong tac va budng dan hudng.

Hién tuong dong xoay duoc kiém soat tét & cac khu vuc chuyén tiép, dong thoi toc
do dong ra khoi canh twong thich voi nguyén ly lam viéc cua bom ly tam.

Hiéu suét banh cong tac dat gia tri t6i wu 1én t6i 89,27% tai cot 4p 84,61 m. Trong khi
d6, hiéu suat tong thé ctia bom ly tim dat 78,31% tai cot 4p 73,52 m. Nhiing thong sd
nay pht hop véi két qua 1y thuyét va dit liéu thyc nghiém da cong bo trong tai lidu
chuyén nganh.

Trén co sé phan tich CFD va tdi uu hoa thiét ké, nhém nghién ciru da thiét ké va ché
tao thanh cong mdt mau bom ly tdm cong nghiép c6 luu lwgng danh dinh Q = 600 m3/h
va cot 4p H = 107 m, hoat dong on dinh trong diéu kién thir nghiém va buédc dau cho
két qua thyuc té tiém can v4i mod phong CFD.

5.2. Cac gi¢i han ctia nghién ciru

Du dat duoc nhitng thanh tuu rd rét, nghién ciru van ton tai mot sd han ché nhat dinh
do giéi han md hinh héa hodc diéu kién thyc nghiém chua hoan thién:

Hién tugng cavitation (xam thyc) chua dugc mo phong, do do nhimng anh huong dén
hiéu suat va do bén trong ving ap suét thap chua duoc phan anh day du, dic biét trong
cac ché do 1am viéc sat bién giéi hat rong.

Mo hinh CFD gia dinh dong 6n dinh (steady-state), khong xét dén cac bién thién theo
thoi gian. Piéu nay khién cac dao dong ap suat, rung dong trong qua trinh khoi
dong/dirng hodc van hanh & diéu kién thay d6i nhanh chwa duge danh gia.

Mo hinh turbulence va luéi hoa c6 anh hudng 16n dén d6 chinh xac cua két qua CFD.
Do chua tién hanh phan tich d6 nhay (mesh sensitivity) va chua ap dung cac mé hinh
turbulence tién tién nhu LES (Large Eddy Simulation) hay DES (Detached Eddy
Simulation), nén két qua van can duoc hiéu chinh thém.

Chua c6 quy trinh x4c thuc day du gitra dit liéu mo phong va thir nghiém thuc té, dan
dén kha ning sai léch gitra mo hinh 1y thuyét va két qua thuc, dic biét trong cac ving
c6 ton that thity lyc 16n hodc bién thién bat thudng.

5.3. Hwéng phat trién trong twong lai

Dé hoan thién va nang cao kha ning tmg dung thuc té, dé tai c6 thé dugc mé rong
theo cac hudng sau:

Mo phong hién twong cavitation (xAm thuc) bang ciac mo hinh phi tuyén nhu Zwart—
Gerber—Belamri hodc Singhal-Nguyen. Viéc b sung mé hinh nay gitip danh gia chinh
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xéac anh huéng dén hiéu suat, tudi tho va nguy co hong hoc do bong bong hoi trong
vung hut.

M6 phong khong én dinh (transient analysis), dac biét 1a tuong tac rotor—stator, s&
gitp phan tich chi tiét dao dong ap suat, luc tac dong I1én canh trong cac ché do thay
d6i dot ngot (nhu bat/tat hoic thay doi luu lugng nhanh), tir d6 dé xudt cac giai phap
giam rung va tiéng oOn.

Téi wu héa hinh hoc banh cong tac sir dung thuat toan di truyén (GA), phuong phap
DoE hodc m6 hinh surrogate nham cai tién ddng thoi nhiéu myc tiéu: ting hiéu suat,
gidm cavitation va han ché luc khong déu tac dung 1én tryc.

Cai tién lu6i hoa va moé hinh turbulence, dic biét str dung luéi phi cdu tric tinh trong
cac vung chuyén tiép dong, két hop cac moé hinh LES/DES & khu vuc ¢6 dong xody
manh nham bét chinh xac phan bé mé men xoan khong déu va ton thét tai ving tach
dong.

Xac thyc m6 hinh CFD bang thuc nghiém, qua cac budc do dac trén mo hinh thi
nghiém: do ap suit, rung dong, hiéu suit va quan sat cavitation bang camera téc do
cao. Cac dir liéu nay s¢€ lam co s& dé hiéu chinh va nang cao d¢ tin cdy cho mo hinh
mo phong.

M6 rong pham vi diéu kién 1am viéc va vat liéu: nghién ctru thiét ké cho cac diéu
kién chat 16ng dic biét (nhiét d6 cao, d6 nhét 16n, chira hat ran), dong thoi khao sat
ng dung vat lidu chéng mai mon va 16p phii chéng xam thuc nham tang tudi tho thiét
bi.
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